INTRODUCTION {#s1}
============

Cerebral palsy (CP) can be basically defined as a group of disorders of the movement and posture, causing activity limitation, that are attributed to nonprogressive deficits that takes place in the immature brain. The motor disorders of cerebral palsy are often accompanied by deficits in sensation, cognition, communication, perception, and/or behavior, and/or by seizure disorder[@r1]^)^. While the primary deficit is nonprogressive, motor impairment, muscle tone[@r2]^)^, postural disorders[@r3]^)^, spinal deformities[@r4]^)^, and inactivity due to foot deformities[@r5]^)^ cause the disability to be progresive[@r6]^)^. CP exhibits motor disability that has a resultant effects on biomechanics of the body. Motor disorders of children with CP are related to primary deficits (such as spasticity, muscle weakness, reduced coordination, and a loss of selective motor control) and secondary deficits (such as muscle contracture and bone deformities)[@r7]^)^. The prevelance of CP in many societies has been reported to be on average of 2--3 per 1,000 live births[@r8], [@r9]^)^. There are studies reporting an average of 4.4 per 1,000 births in the Turkish popuation[@r10]^)^.

Postural control is another main problem in children with CP that causes limitations in daily life activities and is a major component of gait disorder. Also, postural control and posture plays a key role in correct upright posture and spinal orientation[@r11]^)^. In order to explain factors related to gait disorders and guide treatment, identification of those children with impaired standing balance is vital[@r12],[@r13],[@r14]^)^. Postural control and balance reactions are insufficient in children with cerebral palsy, and these children use an altered patterns of muscle coordination, which are tought to be a result of two interacting mechanisms, the primary deficit due to early brain damage and compensation due to postural instability[@r13]^)^. Studies show that limitations with respect to balance and walking in children with CP may lead to several deformities including lower extremity and these deformities can be treated though training[@r14]^)^. Also, a number of assessment tools are utilized in a holistic approach to evaluate the mobility, balance, and functional ability of children with CP[@r15], [@r16]^)^.

Another important deficit frequently seen in children with cerebral palsy is femoral anteversion (FA). The FA angle of the femur can be defined as a measure of the rotation of the neck of the femur around the diaphysis. The FA angle is 30° in normal development, and it decreases to 15° as the skeletal system matures. FA is increased slightly and maintained at a high level during development in children with CP[@r17]^)^. In ambulatory patients, excessive FA is thought to place the hip abductor muscles at a biomechanical disadvantage during gait by decreasing the functional lever arm relative to the hip joint center during the stance phase[@r18]^)^. Increased FA is defined as a structural deformity that could affect the adjusted foot progression angle[@r19]^)^, and recent studies have reported it as a cause of gait abnormalities[@r20]^)^, and lower extremity deformities[@r19]^)^.

Even though there have been several studies focussed on the importance of postural control and balance in children with CP, the relationship between FA angle and postural control is still a question. Therefore, the main aim of this study was to detect the relationships between FA and two areas which peaople with CP often experience problems. The relationship between FA and functional balance and postural control.

SUBJECTS AND METHODS {#s2}
====================

Twenty children with CP were recruited for this study from a Baskent University, Department of Physical Medicine and Rehabilitation outpatient clinic. Inclusion criteria were as follows: a) spastic CP diagnosis (for spastic hemiplegic CP, only right hemiplegic children), b) between 5 and 18 years of age, and c) Gross Motor Functional classification of Level I, II or III; Exclusion criteria were as follows: a) administration of botulinum toxin-A by injection or surgery within the last 6 months, b) other musculoskeletal, cardiovascular, or neurologic disorders, or c) incompatible degree of comprehension and cooperation for performance of the activities proposed. At the beginning of the study, the parents of the children were informed about the research study and signed an informed consent form stating that they and their children would participate voluntarily. The study was approved by the Baskent University ethics committee for noninterventional clinical trials.

Functional classification of CP was performed using the Gross Motor Function Classification System (GMFCS). The GMFCS represents a functional classification of children with CP, that aims to determine the level of a child based on the child's abilities and limitations to perform gross motor function activities. Children are classified according with five levels as follows: level I represents the ability to walk without limitations, level II representes the ability to walk with limitations, level III represents the ability to walk using a handheld mobility device; level IV represents self-mobility with limitations, and level V represents the requirement to be transported in a manual wheelchair[@r21]^)^.

Functional balance was evaluated using the Pediatric Balance Scale (PBS). The PBS examines functional balance using 14 tasks, with score ranging from 0 to 56, higher scores indicating better postural control. The tasks evaluated in the PBS are as follows: (1) sit to standing, (2) standing to sitting, (3) transfers, (4) standing unsupported, (5) sitting unsupported, (6) standing with eyes closed, (7) standing with feet together, (8) standing with one foot in front, (9) standing on one foot; (10) turning 360 degrees, (11) turning to look behind, (12) retrieving object from floor, (13) placing alternate foot on stool, and (14) reaching forward with outstretched arm[@r22]^)^.

Postural control was evaluated based on trunk control while sitting with the Trunk Control Measurement Scale (TCMS). This recently developed scale consists of three subscales (15 items in total) measuring both static and dynamic aspects of trunk control, with the "trunk" including the thorax and the pelvis. The first subscale, static sitting balance, evaluates the ability of the child to maintain a stable trunk position during upper and lower limb movements. The second subscale, selective movement control, evaluates the performance of selective trunk movements within the base of support in three planes: the sagittal (flexion/extension), frontal (lateral bending), and transverse planes (rotation). The third subscale, dynamic reaching, assesses the performance during three reaching tasks requiring active trunk movements beyond the base of support. For test administration, children were seated on a table or bench without back, arm, or foot support. No orthoses or shoes were worn during testing. The best of three performances for each item was considered for scoring. The TCMS total score ranges from 0 to 58, with a higher score indicating a better performance. Item scores for each subscale were summed, resulting in three subscale scores, and summing these subscale scores resulted in a total TCMS score[@r23], [@r24]^)^. There is a standard testing procedure with respect to the positioning of the subjects. Therefore, the children's sitting position is already standardized.

The FA angle was measured using the great trochanter prominence method as described by Netter and confirmed by Ruwe et al[@r25]^)^. The FA was measured in the prone position, with the knee flexed at 90 degrees and the tibial segment inclined laterally toward the table. The physician stood on the opposite side for assessment. The great trochanter was palpated until it was at its most prominent position, and the angle formed by the long axis of the tibial and vertical segments, that is the FA angle was measured with a long-arm goniometer. An FA\>30 degrees was considered excessive. The right leg was selected for statistical independence, and the data for the right leg were used for the analysis.

The sample size was determined based on statistical power analysis procedures using the PASS 2005 software (NCSS, Kaysville, UT, USA). The power analysis indicated that 20 participants were needed with 90% power and a 5% type 1 error. The power analysis of our study showed a power of 80% with the PBS as the primary outcome.

The IBM SPSS Statistics, Version 20.0, software (released 2011, IBM Corp., Armonk, NY, USA) was used for calculations. All values were presented as the mean ± standard deviation and frequencies. Spearman's correlation was used to compare the test results. The alpha level for all statistical analyses was set a priori at p\<0.05. The strength of relationships was described as detailed by Leslie et al., with 0.00--0.25 = little or no relationship, 0.26--0.50 = fair degree of relationship, 0.51--0.75 = moderate to good relationship, and 0.76--1.00 = good to excellent relationship[@r26]^)^.

RESULTS {#s3}
=======

Demographic and clinical characteristics of the patients are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Demographic and physical properties of the children with spastic CPMean ± SDAge (years)12.3 ± 4.5Gestational age (weeks)38.5 ± 2.4Maternal age (years)39.0 ± 7.2Paternal age (years)41.2 ± 6.7Height (cm)117.6 ± 21.8Weight (kg)22.6 ± 11.3n (%)GenderGirl8 (40)Boy12 (60)Topographical classificationDiplegia6 (30)Quadriplegia4 (20)Hemiplegia9 (45)Triplegia1 (5)GMFCSLevel I1 (50)Level II6 (30)Level III4 (20)Positive n (%)Negative n (%)Children with excessive FA15 (75)5 (25). In the correlation analysis, a statistically significant fairly positively correlation was detected between FA and the TCMS dynamic reaching score (p\<0.05). There were no significant correlation between FA and TCMS--static sitting balance, TCMS--selective movement control, Total TCMS and PBS results (p\>0.05) ([Table 2](#tbl_002){ref-type="table"}Table 2.Correlation of femoral anteversion with the PBS and TCMSMean ± SDFA\
rTCMS -- static sitting balance16.1 ± 3.70.071TCMS -- selective movement control17.8 ± 5.70.262TCMS -- dynamic reaching7.4 ± 1.70.462\*Total TCMS41.2 ± 9.60.281PBS40.7 ± 14.60.254\*p\<0.05. TCMS: Trunk Control Measurement Scale; PBS: Pediatric Balance System).

DISCUSSION {#s4}
==========

Torsional disorders are frequent in spastic children with CP. Identification of these anomalies is essential because they modify the length of leverage and create abnormal moments[@r27]^)^. These condition effect gait parameters and the gait type of children, and they also affect their daily living activities. The purpose of the current study was to explore the effect of excessive FA on balance and postural control parameters of children with spastic CP. This study delineates the relationship between FA and dynamic reaching, and there was no correlation of FA with functional balance, selective movement of the trunk, and and static sitting balance.

Postural control is fundamental to efficient functional performance in all activities of daily living. This complex process depends on the interaction of the visual, vestibular, and peripheral systems, commands of the central nervous system, and neuromuscular response. Deficits in postural control due to motor impairment have been identified as one of the main limitations in the development of children with CP[@r12], [@r28]^)^. Postural control in the sitting position can be used to assess spinal instability, trunk muscle weakness, and activities of daily living impairments in cerebral palsy[@r26]^)^.

The ability to balance the trunk in human activities, in order to straighten posture, is an important ability because it improves stability. In children with cerebral palsy, control and stability of the trunk are low, and this results in poor balance ability[@r27], [@r29]^)^. The dynamic reaching challenge item in TCMS is an aspect of dynamic trunk control, i.e., the ability to actively move the trunk beyond the stability limits of the base of support during three reaching tasks, requiring forward, lateral, and a combination of rotation and lateral displacement of the trunk. In a previous study, performance of lateral trunk displacement was already difficult for children with CP, and difficulties were found when executing an additional rotation of the trunk during crossed reaching[@r24]^)^. Executing trunk rotations while reaching makes postural control in children with CP more challenging and consequently hampers their reaching performance, as shown in previous research[@r30], [@r31]^)^.

Heyrman et al.[@r32]^)^ assessed whether altered trunk movements during gait in children with spastic diplegia were caused by either compensatory movements or underlying trunk deficits. The results of their study showed that increased altered trunk movements during gait were related to lower performance on the TCMS when sitting. This finding may be considered consistent with our findings showing that the dynamic reach functions of the trunk were related to excessive FA in the lower extremities of the spastic CP children. Sæther et al.[@r33]^)^ also found that trunk control when sitting as assessed with trunk measurement scales, had a moderate to good correlation with trunk control during gait cycle. Taken together, this indicates that trunk control affects gait features in children with CP.

Spastic diplegic children are also characterized by gluteus medius weakness, and to keep the lever arm as long as possible, they have to move the femoral neck into a more frontal plane. Indeed, excessive FA should be compensated for by internal hip rotation that places the femoral neck into a frontal plane and increases the gluteus medius lever arm length. The possible means of achieving this goal include internal pelvic rotation on one hand and internal hip rotation rotation on the other. If pelvic internal rotation is too excessive, the femoral neck would be oriented inward so that the hip can compensate for it with external rotation to place the femoral neck into a strictly frontal plane. If internal hip rotation is too excessive, the femoral neck would also be oriented inward, which could externally rotate the pelvis[@r34]^)^. These assumptions follow the theory of a compensatory mechanism between the hip and pelvis advocated by DeLuca et al.[@r35]^)^ and Saraph et al.[@r36]^)^ and corresponded to the tertiary deformity described by Gage[@r27]^)^. Rethlefsen et al.[@r37]^)^ showed that the causes of intoeing gait are also multiple. In their study, the most frequent causes were internal hip rotation, internal pelvic rotation, and internal tibial rotation. Internal pelvic rotation was observed in 32% of their cases. DeLuca et al.[@r35]^)^ demonstrated that pelvic rotation should be considered in surgical decision making: Of the 67 limbs for which femoral derotational osteotomy was indicated on the basis of physical examination, 19 were not operated because 3D gait analysis determined the cause to be internal pelvic rotation. This knowledge also supports our findings that femoral anteversion has a relationship with dynamic reaching movements of the trunk that require pelvic girdle muscle activation. The standing posture is controlled by the ankle, knee, and hip joints. However, in the sitting posture, no positional adjustment occurs[@r28]^)^. This condition also explains why femoral anteversion had no correlation with the PBS but was correlated with dynamic functions of the trunk in our study.

In conclusion, the present study showed that increased FA has not correlation with functional balance, static sitting, and selective control of the trunk. FA is related to dynamic reaching activities of the trunk, and this may be the result of excessive internal pelvic rotation. Further studies should be conducted to investigate the effect of internal pelvic rotation on functional balance and postural control in spastic CP. It is important for the health professionals to understand that increased femoral anteversion needs to be corrected because in addition to it leading to femoral internal rotation during walking, it also effects dynamic reaching activities of the spastic children with CP. A limitation of this study is the lack of a control group. Further studies should be performed to compare tests in children with different types of CP.
